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Indian Standard 

SPECIFICATION FOR 

NON-IGNITABLE AND SELF-EXTINGUISHING 

BOARDS (WITH MINERAL BASE) FOR 

ELECTRICAL PURPOSES 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institu- 
tion on 13 October 1967, after the draft finalized by the Insulating 
Materials Sectional Committee had been approved by the Electrotechnical 
Division Council. 

0.2 Non-ignitable and self-extinguishing boards are used as insulating 
materials in such electrical equipments where fire hz^ards are anticipated 
due to the normal operating conditions of the equipment. 

03 Non-ignitable boards which are generally made of bonded asbestos 
fibre have a smooth finish on both faces and are uniform in thiduiess. The 
material withstands repeated exposure to an electric arc in air or a flame 
of high mtensity and possesses relatively good mechanical and machining 
properties. The material is suitable for arc shields on control apparatus 
and the lUce. 

0.4 Non-ignitable boards should not be regarded as satisfactory insulating 
material in damp situations. If these boards are used in situations where 
they are liable to absorb moisture, a resulting reduction in electrical 
insulating properties should be recognized. The boards should, therefore, 
be suitably protected. 

0.5 Non-ignitable boards are also manufactured for building and similar 
purpose and selection may be necessary to obtain boards to comply with 
the requirement of this standard. 

0.6 Self-extinguishing boards are generally made from impr^piated 
cement bonded asbestos fibre and manufactured by one pressing, diat is, 
they are not built up of two or more separately pressed boards. They 
differ from non-i^itable boards in that they are impr^nated to increslse 
their moisture resistance thus improving their electrical properties. They 
possess good insulation characteristics but are not intended to withstand 
high temperatures on the direct impingement of an electric arc. The 
materials used to improve the moisture resistance and electrical properties 
may be flammable. These boards contain a small percentile of bitumen 
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or other fusible material and are suitable for terminal boards, relay boards^ 
switchboard panels and the like. 

0.7 The tests required are mainly intended to confirm the quality of boards 
made from cement bonded asbestos fibre. There may be other materials 
which may meet the requirements of this standard but additional tests 
may be needed to show that they are satisfactory for the purpose for which 
cement bonded asbestos fibre boards have long been used in the electrical 
industry. 

0.8 Materiab purporting to comply with this standard shall be capable of 
meeting all the requirements of this standard, but it is not considered 
necessary that all the tests mentioned in the standard should be demanded 
by the purchaser. 

0.9 In preparing this standard, assistance has been derived from the 
following; 

Draft B.S. 66/3994 Specification for asbestos cement boards ( incom- 
bustible ) for electrical purposes ( revision of B.S. 3497 : 1962 ). British 
Standards Institution. 

Draft B.S. 66/3995 Specification for impregnated asbestos cement 
boards ( self-extinguishing ) for electrical purposes ( revision of 
B.S. 3503: 1962 ). British Standards Institution. 

0.10 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, express- 
ing the result of a test, shall be rounded off in accordance wi^ IS : 2-1960*. 
The number of significant places retained in the rounded off value should 
be the same as that of the specified value in this standard. 



1. SCOPE 



1.1 This standard covers the requirements of four classes of non-ignitable 
boards and self-extinguishing boards for electrical purposes ( see 3 ). 

2. TERMINOLOGY 

IS : 4249-1 967t, the following definitions shall also apply. 

2*1 Nonwigadtable — A material, which when heated as prescribed in 
Appendix A of IS : 4249-1 967t, neither bums nor gives off inflammable 
vapours. 

*Ru1et ibr rounding c^ numeridil values ( mistd). 
*C3ssB&cstiosi ssd s&ctbcds of test tor ths ncs='i'*nf t&b!$ *«*! se!^ 
ofsoHdeketricaluuuktu^nuiteriaU (widtrfinnt). 
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2.2 Self-Ezdngnlahing — A material, which having ignited, when heated 
as prescribed in Appendix A, does not continue to burn for more than one 
minute after the source of ignition is removed. 

23 E^ewise — The direction from one edge to the opposite edge of the 
original board. 

3, GLASSIFiGAlION 

3.1 NonHlgnitable Board Class 1 — It is made from cement bonded 
asbestos fibre from 2*5 to 15 mm in thickness. This class includes materials 
suitable for arc shields on control apparatus and the like where close 
limits of diuiensions are not required. 

3.2 Non-ignitable Board Glass 2 — It is made from bonded asbestos 
fibre up to 15 mm in thickness. This material has a smooth finish on one 
side only. Its mechanical characteristics are not so good as those of 
Class 1 . These are also suitable for arc shields on control apparatus and 
the like. 

3.3 Non-ignitable Board Glass 3 — - It is made from bonded asbestos 
fibre up to 15 mm in thickness. These boards have a rougher finish than 
those of Glass 2 and in general are more brittle. These materials are 
suitable for structural purposes and as barriers in switches, cubicles and 
the like. 

3.4 Non-ignitable Board Class 4 — This class includes asbestos mill 
board and similar semi-flexible materials made of asbestos fibre with the 
addition of a small percentage oi binder up to a thic&ness oi 5 mm. xue 
material is seriously affected with respect to its physical properties when 
subjected to repeated exposure to .an electric arc in air or flame of high 
intensity. 

3.5 Self-Extlngnishing Board — It is made from impregnated cement 
bonded asbestos fibre by one preying from 2*5 to 40 mm in thickness. 

^OTB — Although limits kre given only for boards of certain thickness, boards are 
made in greater tiucknesses also. Fot boards of thickness higher than specified, the limits 
and test methods should be fixed up by agreement between the purchaser and the 

ninnlier. 

— XT: ■- 

4. NON-IGNITABLE BOARDS 

4.1 Finish — Boards shall be smooth and uniformly finished according to 
class requirement and shall be free from local defects and surface imper- 
fections. 

4.2 Flatness — A board shall be tested for flatness by being placed con- 
cave side up, without restraint on a fiat surface, and a light straight edge 
placed on it. The departure at any point of the surface of the board &om 
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die straight edge in any direction of tne board shall not exceed the 
appropriate value given iu Table 1. 



/ 


TABLE 1 


FLATNESS 








( Oaust 4.2 } 




Guuior 
Board 


MAxncuii Pbrmwblb Dbpartukb Umob&Straiobt 
Bdob of Lbnotb 




900 




600 


300 




mm 




mm 




1 


30 




1-5 


0-4 


2 


4-5 




2-0 


0-6 


3 


6*0 




30 


0-8 


4 


7-5 




4-5 


1*0 



4.3 Tolerance on Thickness — The yhicknfss of a board at any point 
shall not differ from the nominal thickness by more than the appropriate 
^alue given in Table 2. 

TABLE % TOLERANCE IN THICKNESS 

Glais ca Board Tolsxancb oir TauacNaa 

Ptm OR Mnnn 



1 0-25 

2 0-35 

3 0-75 

4 0-25 



4.4 Electric Strength ( Proof Test ) — Any board of Classes 1, 2 and 4 
when tested as described in Appendix B, in air at 90*'C, shall withstand for 
one minute without fidlure the appropriate proof stress given in Table 3^ 
NoTS — An dectric ttrength test it not required on Gla» 3 materiaL 

TABLES ONE MINUTE PROOF TEST IN Am (ELEGTRIG STRENGTH) 

NomHAi. Mnmnnc Volts pint nun 

TtaicKNBn c ~ ' ■ ■ " ' — III ■■! *>• . ^ 

mm Glasi 1 Gbsi 2 Claa 3 

Up to 2-5 2 000 1 200 

Fiom 2*5 to 10 1 000 1 000 1 000 

Above 10 800 800 ~ 

4^ Surface Electric Strength ( Proof Test ) in Air — Any board 
when tested as described in Appendix C, in air at QO^'C, shall withstand for 
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one minute without breakdown occurring over the surface, the appropriate 
proof stress given in Table 4. In the case of Class 2 boards, the test shall 
be conducted on the rough surface, 

TABLE 4 ONE MINUTE PROOF TEST IN AIR ( SURFACE ELECTRIC 

STRENGTH) 



Class of Board 

1 
2 
3 

4 



Minimum Voltage 
kV 
30 

2-0 
2-0 
12-0 



4.6 Fuse Wire Test — When tested as described in Appendix G of 
IS : 4249-1967* boards of Classes 1, 2 and 3 shall withsUnd ten applications 
of the fuse wire test without the surface being rendered conducting. This 
condition is determined by a measurement of the leakage current made 
immediately after each fusing and this current should not exceed one 
ampere. 

^OXR — A fuse wire test is not required on Class 4 material. 

4.7 Carbon Arc Test — When boards of Classes 1, 2 and 3 are tested as 
ri^^scribcd in Appendix A of IS : 4249-1967*, the time before penetration 
occurs shall be not less than the time given in Table 5i 





TABLES CARBON ARC TEST 




NOMWAL 

Thickness 
mm 




Tims Befd^ Penetration 

■ -*- 




Glass 1 
seconds 


CAmu 2 
seconds 


Class 3 
seconds 


2-5 


35 


25 


25 


5 


60 


45 


45 


10 


80 


60 


60 


Above 10 up to and 
including 15 


60 


45 


45 



4.8 Spirit Burner Test — When a board of Class 4 is tested as described 
in Appendix A, it shall show no sign of combustion at any time during one 
minute's exposure to the flame. 

Note — The spirit burner test is not required for Classes 1, 2 and 3 materials. 

* Classification and methods of test for the non-ignitable and self-extinguishing properties 
of solid electrical insulating materials ( mdtr print). 
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4.9 Deformation Under Compression — When a board of Classes 1, 2 
and 3 is tested as described in Appendix D, the reduction in thickness oi 
the specimen shall not be greater than 5 percent nor shall mechanical 
failure occur, such as cracking or breaking when it is subjected for one 
minute to a load of 4 500 kgf. 

Note — This teat is not reqvdrcd cm Glass 4r material. 

4.10 Cmsliing Strength — When determined as described in Appendix £, 
the crushing strength shall be not less than 1 055 kgf/cm*. 

4.11 Shear Strength — The shear strength of a board of Classes 1, 2 and 
3, when determined as described in Appendix F, shall not be less than the 
appropriate value given in Table S. 

Note — This test is not required on Class 4 material. 





TABLE 6 SHEAR STRENGTH 




Nominal TmcacNBsS 




Mmnnnf Shear Strrss 






Qass 1 


Class2 


Class 3 




kgf/cm» 


kgf/cm' 


tgf/cma 


Up to and including 2*5 


350 


175 


175 


Ovqc 2-5 to 5 


280 


140 


140 


Over 5 to 15 


210 


105 


105 



4.12 Gross-Breaking Strength — When determined as described in 
Appendix G, the cross-breaking strength shall be not less than 
300 kgf/cm«. 

4.13 MachinabHity — Any board of Class 1 shall be capable of being 
machined by normal operations, such as turning, drilling, milling and 
shaping. Boards of Classes 2 and 3 shall be capable of being sawn and 
drilled without showing signs of splitting, cracking or chipping. A board 
of Glass 4 shall be capable of being punched and cut with shears without 
showing signs of raggedness. 

5. SELF-EXTINGUISHING BOARDS 

5.1 Finish — Boards shall be uniformly finished and free from local 
defects and surface imperfections. The boards may have various surface 
treatments and the two faces of the board may be different from each 
other. 

5.2 Flatness — Any board tested for flatness shall be placed concave side 
up without restraint on a flat surface and a light straight edge placed on 
it. The departure at any point of the suiface of the board from the 
straight edge in any direction of the board shall not exceed 3*2 mm under 

8 
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a 900 mm stmight tdg/tt 1*4 mm mtacr 
0*33 nan imder a ^OO mm straight edgjC. 



a 600 mm sttsught t^igfi or 



5^ Tolerance on Thldcness — ^ The thicknest fd a board at any pcnnt 
shall not differ from the nominal thidcness* by more than ±0*25 mm for 
boards up to and including 25 nun nommal thickness and dt^''^ ^xim for 
boards above 25 mm up to and including 40 mm nominal thickness^ 

5.i Electric Strength (Proof Test) — Any board, when tested as 
described in Appendix fi in air at 90**C, shall ivithstand for one minute 
without breakdown the appropriate test voltage fear its nominal thickness 
according to Fig. 1 . 
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5.5 Surface Electric Strength ( Proof Test ) — Any board, when tested 
as described in Appendix C in air at room temperature, shall withstand 
14 kV for one minute without breakdown occurring over the surface. 

5.6 Edgewise Electric Strength (Proof Test) — Any bo^rd, when 
tested as described in Appendix H in oil at 90*0, shall withstand 10 kV 
for one minute without any sign of breakdown occurring. 

5*7 Insulation Resistance — When determined as described in 
Appendix J, the insulation resistance shall be not less than 1 000 M. 

5.8 Spirit Burner Test — When a board is tested as described in 
Appendix A, it shall not continue to burn for longer than 60 seconds. 

5.9 Deformation Under Compression — When a board is tested, as 
described in Appendix D, the reduction in thickness of the specimen shall 
not exceed 2*0 percent, nor shall failure occur by cracking or breaking 
when subjected for one minute to a load of 2 250 kgf. 

5.10 Crushing Strength — When determined as described in Appendix £, 
the crushing strength shall be not less than 700 kgf/cm^. 

5.11 Shear Strength — The shear strength of a board, when determined 
as described in Appendix F, shall be not less than the appropriate value 
given in Table 7. 

TABLE 7 SHEAR STRENGTH 

Nominal Thickness Minimum Shear Stress 
mm kgf/cm^ 

2*5 280 

Above 2*5 up to and including 5 246 

S 15 210 

>J i^ » J> » >» *^ ■' '^ 

)> ^5 „ „ „ „ 40 140 

5.12 Cross-Breaking Strength — When determined as described in 
Appendix G, the cross-breaking strength shall be not less than 315 kgf/cm^ 
for boards up to and including 25 mm nominal thickness and 265 kgf/cm^ 
for boards above 25 mm nominal thickness. 

5.13 Bending Test for Boards 5 mm Thick and Above — Any board 
of nominal thickness 5 mm and above, when tested as described in 
Appendix K, shall withstand for two hours the appropriate maximmn 
bending stress without failure or showing any sign of cracking. The per- 
manent set of the test piece shall not exceed the appropriate values given 
in Table 8. 

10 
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TABLE 8 BENIHNG TEST 






{Clauu 5.13) 






Nominal Thickness 


Maxiuuh Psruament Set 




Test Temperature = 
Maximum Stress = 
kgf/cm« 


27'C 
= 140 


Test Temperature => 90^ 

Maximum Stress => 70 

kgf/cm' 


mm 


mm 




nun 


5 


0-15 




0-25 


10 


0"20 




0-25 


15 


0-25 




0-50 


25 


0*38 




0-50 


30 


0-38 




0-76 


40 


0-38 




0-76 



5.14 Machinabllity — Any board shall be capable of being machined by 
normal operations, such as turning, drilling, milling and shaping, without 
showing signs of splitting, cracking or chipping. 

5.15 Water Absorption — The amount of water al»orbed by a board of 
any thickness afler 24 hours immenion, when determined as described is 
Appendix L, shall not exceed 0*2 percent. 

5.16 Effect of Heat Treatment — ■• Any board, when tinted as described 
in Appendix M, shall show no sign of deterioration or substantial exuda- 
tion of the impregnant. 



APPENDIX A 

( Clauses 2.2, 4.8 and 5.8 ) 
METHOD OF CARRYING OUT THE SPIRIT BURNER TEST 

A-1. PREPARATION OF TEST PI£C!E 

A-1.1 Non-ignitable Boards — Take three test pieces 15 mm wide of 
thickness of the board under test and of sufficient length to give a free 
length of not less than 100 mm when clamped as described in A-3.2. 

A-1 .2 Self-Extangoisliliig Boards — Take three test pieces 15 mm wide 
of the thickness of the board under test if this is 6"5 mm or less and of 
sufficient length to give a free length of not less than 100 mm when clamped 
as described in A-3.2 retaining any surface treatment that may be on the 
test piece. Machine boards more than 6*5 mm thick to a thickness 

H 
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of 6*5 mm and prepare duplicate sets of test pieces so thai both treated 
surfaces are tested. 

A-1.3 Condition the test pieces in accordance with Appendix F of 
18:4249-1967*. 

A-2. SPIRIT BURNER 

A-2.1 Use a spirit burner of the pattern shown in Fig. 4 of IS : 4249-1967* 
and having the essential dimensions given. 

A-2.2 Use good quality 66 O.P. industrial methylated spirit containing 
5 percent of wood naphtha as the fuel. 

A.3. PROCaSDURE 

A-3.1 Operate the burner with the control value more than one-half turn 
open and with the level of the fuel in the reservoir 750 ± 75 mm above 
the base of the burner. Confirm the satisfactory operation of the burner 
by inserting a bare copper wire 6-71 mm diameter, having a free length 6f 
not less than 100 mm in the flame of the burner in the position to be 
occupied by the test piece. The flame is satisfactory for this test if the wire 
melts in less than 6 seconds. 

A-3^ With the biumer fimctioning satisfactorily » clamp the test piece so 
that it rests in the flame of the burner with its long axis horizontal and the 
15 mm dimension facing the flame 50 mm above the top of the burner. 
Not less than 100 mm of the test piece is to project from the jaws of the 
clamp and the. end of the test piece is to be vertically above the edge of 
the burner as shown in Fig. 5 of IS : 4249-1967'^. 

A-33 Subject the test piece to the flame for one minute. 

A-3.4 In the case of non-ignitable boards, verify any apparent burning 
of the test piece by momentary removal of the flame and observation in 
subdued light. Combustion is established if the test piece continues to 
bum for more than one second after removal of the parent flame at any 
time between 5 and 50 seconds. 

A-3.5 In the case of self-extinguishing boards, remove the flame and note 
the timfc for which the test piece continues to bum. If the flame reaches 
within 25 mm of die clamp, discard the results and test a new and longer 
test piece to ascertain the time required for extinction. Determine the 
mean value of tests on three test pieces. 

*CIaH%catton and methods of test for the non-ig^table and self-extiaguiahing proper- 
tiea of toUd electrical intulating materiab ( under print ). 

12 
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APPENDIX B 

( Clauses 4.4, 5.4, C-1.1, C2,l, C-3.1 and H-3.1 ) 

METHODS FOR THE DETERMINATION OF ELECTRIC 
STRENGTH (PROOF TEST IN AIR AT 90«G ) 

B-l. PREPARATION OF TEST PIECE 

B-1.1 Non-ignitable Boards — Take a test piece, not less than 100 mm 
square, of the thickness of the board under test and heat it in an oven at 
the temperature ISO^IJ^'C for 18 to 24 hours. Cool the test piece to 
90**±2''C in the same oven or immediately transfer it to an oven at 
90* ± 2'G and allow the test piece to reach this temperature before making 
the test. 

B-l .2 Self-Exdngoishiiig Boards-^ Take a test piece, not less than 
100 mm square and sufficiently large to avoid flash over and of the thick- 
ness of the board under test, Heat the test piece at a temperature of 
90" ± 2*G for not less than the appropriate period given below and main- 
tain it at this temperature throughout the test: 

Thickness of Test Piece Time 

up to and including 15 mm 1 hour 

Above 15 nmi up to and including 25 mm 2 hours 

Above 25 3 hours 

B-2. ELECTRODES 

B-2.1 The electrodes consists of two solid brass cylinders with their sharp 
edges rounded off to a radius of approximately 3 mm. The top electrodes 
sh^ be 25 mm diameter and 25 mm in height. The bottom electrode 
shall be 75 mm diameter and 25 nmi in height. 

B-3. TEST VOLTAGE 

B-3.1 Use an alternating test voltage of a frequency between 40 and 60 c/s. 
It shall be of approximately sine wave-form with crest factor equal to 
V2 ± 5 percent, that is, 1-35 to 1-49 ( see IS : 2584-1 963* ). 

B-3.2 The crest &,ctor may be checked by means of an oscillograph, a 
sphere gap or a crest voltmeter in conjunction with a rms voltmeter. The 
measurement should be made across the material under test. 

B-3.3 The peak voltage may be measured directly by means of a peak 
voltmeter. Alternatively, the voltage may be determined by a voltmeter 
suitably connected to the input or output side of the testing transformer or 
to a voltmeter winding provided thereon. If this alternative procedure is 

*Metbods of test for electric strength of aolid umdating materiaJs at power frequencies. 

13 
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adopted the instrument used should be calibrated against a sphere gap up 
to the full voltage which is to be measured. 

B-3.4 The ratio of the voltage derived from the sphere gap to the voltage 
indicated on the auxiliary instrument may be dependent upon the presence 
of the test object or of the sphere gap. It is, therefore, important that the 
test object or an equivalent load should be in the circuit during calibra- 
tion. The sphere gap may be disconnected during the actual test, if its 
absence is known to have a negligible influence on the voltage ratio ( see 
18:1876-1961*). 

B-3.5 Use test equipment capable of maintaining the test voltage up to the 
instant of breakdown or for the maximum time required. Usually this 
requirement is met by equipment capable of supplying an output current 
of not less than 40 mA over the voltage range for which it is intended at all 
leading power factors between zero and unity. 

B^. PROCEDURE 

B«4.1 Arrange the electrodes coaxially in the testing oven and ensure that 
both electrodes and test pieces are at a temperature of 90° ± 2°C. 

B-4^ Apply a low value of the test voltage between the electrodfss and 
increase its value at a uniform rate so that the proof stress value is reached 
in about 10 seconds. Maintain the voltage at this value for one minute. 



APPENDIX C 

( Clauses 4.5 and 5,5 ) 

METHOD FOR THE DETERMINATION OF SURFACE ELECTRIC 
STRENGTH ( PROOF TEST IN AIR ) 

CI. PREPARATION OF TEST PIECE 

G-1.1 Non-ignitable Boards — Take a test piece sufficiently large to 
accommodate the electrodes and dry it at 180°lo*'C and then cool to 
90** ± 2°G in accordance with B-I. 

C-1.2 Self-Eztittgmskiii^ Boards — Take a test piece (complete with 
any surface treatment) sufficiently large to accommodate the electrodes 
and condition it in accordance with Appendix F of IS : 4249-19671. 

•Method for voltage measurettient by means of sphere gaps ( one sphere earthed ). 

■^Giusification and methods (^ test for the non-ignitable and self-extingtiisldDg proper* 
ties of solid electrical insulating niaterials( tmder print ). 
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C-2. ELECTRODES 

C-2.1 The electrodes shall be either two solid brass <!tylinder8 25 mm in 
diameter and 25 mm high or those specified in B-2. 

C3. TEST VOLTAGE 

O^.l The wave form, the frequency and the method of measming the 
test voltage shall be the same as that specified in B-3. 

CM. PROCEDURE 

G-4.1 Support the test piece on an insulating block and arrange the 
electrodes so that their flat surfaces are in contact with one surface of the 
test piece and the nearest distance between the edges of the electrodes is 
25 mm. 

G-4.2 In the case of non-ignitable boards, heat the electrodes and the test 
piece in an oven at 90* ± 2*G. 

G-4.3 In the case of self-extinguishing boards, make the test on each face 
of test piece in turn while the test piece is in the controlled atmosphere, <»: 
within 3 minutes of removal from it. 

C-4.4 Apply a low value of the test voltage between the electrodes and 
increase its value at a uniform rate so that the specified proof voltage is 
reached in 10 seconds. Maintain the voltage at this value for one minute. 

APPENDIX D 

( Clauses 4.9 and 5.9 ) 

METHOD OF DETERMINING DEFORMATION UNDER 
COMPRESSION 

D-1. PREPARATION OF TEST PIECE 

D-1.1 Prepare a test piece consisting of pieces of board 25 ± 0*25 mm 
square, built up as nearly as possible to a thickness of 25 mm without 
reducing the thickness of the pieces. Take care to remove the burrs and 
surface treatment, if any, from all edges of all the pieces. 

D-1.2 In the case of self-extinguishing boards of nominal thickness greater 
than 25 mm, the test piece shall be 25 ± 0*25 mm square and of the thick- 
ness of the board under test. 

15 



IS: 4248 -1967 

D-2. CONDITIONING 

D-2.1 Condition the test pieces in accordance with Appendix F of 
IS : 4249-1967* and then test at a temperature of 27° ± 10°C. 

D-3; PROCEDURE 

D-3.1 Apply an initial load of 900 kgf for non-ignitable boards and 50 kgf 
for self-extinguishing boards, to the test piece in the direction perpendicular 
to the surface of the board in order to bed the layers together. Make the 
first thickness measurement with the test pieces under this load. Then 
increase the load at a uniform rate of 900 kgf/min in the case of non- 
ignitable boards and 450 kgf/min in the case of self-extinguishing boards 
till the specified load has been reached ( 4 500 kgf for non-ignitable boards 
and 2 250 kgf for self-extinguishing boards). Maintain this load for one 
minute and then measure the thickness of test piece with the load still 
applied. 

APPENDIX E 

(Clauses 4.10 and SAO) 

METHOD OF DETERMINING CRUSHING STRENGTH 

E-1. PROCEDURE 

E-1.1 Prepare three test pieces and apply the compressive load to each 
exactly as in the test for deformation under compression. Increase the 
pressure steadily at a rate of approximately 350 kgf/min for non-ignitable 
boards and 450 kgf/min for self-extinguishing boards ignoring the bedding 
load, until the test piece is seen to fail. 

&2. RESULT 

E-2.1 Record the load at failure for each test piece and express the 
crushing strength of the board under test as the arithoiietic mean of the 
results from the three test pieces. 

APPENDIX F 

{Clauses 4 Al and 5M) 
METHOD FOR THE DETERMINATION OF SHEAR STRENGTH 

F-1. PREPARATION OF TEST PIECE 

F-1.1 Prepare a test piece 95 mm long by 19 ± 0*25 mm wide by the 
thickness of the board under test. 



*Classificatioii and methods of test for the non-ignitable and self-extinguisbing proper^ 
ties of solid dectrical insulating materials ( under prita ). 
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F*1.2 In the case of self-extinguishing boards, remove the dry surface 
treatment before preparing the test piece. For boards thicker than 25 mm 
machine the test piece down to 25 mm thick retaining one of the original 
surfaces. 

F.2. CONDITIONING 

F-2.1 Condition the test piece in accordance with Appendix F of 
IS ; 4249-1967* and then test at a temperature of 27° ± 10*0. 

F-3. PROCEDURE 

F-3.1 Subject the test piece to a shear load by means of a circular punch 
and die of the dimensions shown in Fig. 2, the punch being a running fit 
in the die. Increase the load steadily at such a rate that the test piece 
shears in approximately two minutes from the time of the initial application 
of the load. 

F-4. RESULT 

F-4.1 Compute the shear stress from the following formula: 

•^^ 2BTK 
where 

S = shear stress in kgf/cm*, 
IV = shear load in kgf, 
B = width of test piece in cm, 
T — thickness of test piece in cm, and 

K = constant to allow for. the curvature of sheared surface 
(1-016). 

APPENDIX G 

{ Clauses 4A2 and 5.12) 
METHOD OF DETERMINING GROSS-BREAKING STRENGTH 

G-1. TEST PIECES 

G-1.1 Use test pieces 12*5 db 0*5 mm wide and of length 24 to 30 times the 
measured thickness of the board under test. The thickness of the test 
piece shall be the thickness of the board under test, except that where this 
exceeds 9 '5 mm the thickness of the test piece shall be reduced to 9'5 mm 
by machining one surface. Test three test pieces from each board to be 
tested. 



*Classigcation and methods of test for the non-ignitable and $elf-extiiiguisbing^ properties 
<^ solid electrical'lnsulating materials ( under print). 
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SPECIMEN 




SPE.CIMEN 




All dimenMons ia millimetr«i. 
Fio. 2 Punch and Die for Shear Strength Test 
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G-2. PROCEDURE 

G-2.1 Carry out the test at a temperature of 27" ± lO^C. Measure the 
width and thickness of the test piece to the nearest 0*02 mm. Lay each 
tMt niece svTmnetricallv across two narallel V-shaned supports with an 
original iface in contact with the supports. Adjust the distance between 
the supports to sixteen times the measured thickness of the test piece to the 
nearest 0*8 mm. Apply a load squarely across the width of eaich test 
piece by means of a V-shaped block parallel to and midway between the 
two supports. Use supports and a block with 1*6 mm radius contact 
edges not less than 25 mm long. Increase the load steadily and at such a 
rate that the test piece fractures in 15 to 45 seconds. 

G-3. RESULT 

G-3.1 Calculate the cross-breaking strength of each test piece from the 
following formula: 

KWL 
Cross-breaking strength in kgf/cm* == '~ Dni 

Wucre 

A*«l-5. 

W as breaking load in kgf, 
L — distance between supports in centimetres, 
B = width of test piece in centimetre*, and 
D s=s thickness of test piece in centimetres. 

G-3 Jt Express the cross-breaking strength of the board as the arithmetic 
mean of die results from the three test pieces. 

APPENDIX H 

( Clause 5.6 ) 

METHOD FOR THE DETERMINATION OF EDGEWISE 
ELECTRIC STRENGTH (PROOF TEST IN OIL AT WC ) 

H-1. PREPARATION OF TEST PIECE 

H-l.I Take a rectangular test piece ( complete with any surface treatment ) 
approximately 100^ nun long by 25 ± 0*2 mm wide and of the thickness of 
ihe board under test. Finish the long edges as parallel planes at right 
angles to the surface of the board and place the test piece between metal 
plates so that they make good contact over the whole area of the long 
edges and form parallel electrodes for applying the test voltage to the 
25 mm width of the test piece. For thin boards use two test pieces suitably 
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placed ( that is, with their long edges at a convenient angle ) to support 
the upper electrode. 

H-2. ELECTRODE 

H-2.1 The electrodes shall consist of two parallel metal plates. The electrodes 
shall be of size sufficient to overlap the edges of the test piece by not less 
than 15 mm. The edges and corners of the electrodes should be suitably 
rounded off when necessary to avoid flash over from edge to edge ( see 5.2 
of 18:2584-1963*). 

H-3. TEST VOLTAGE 

H-3.1 The wave form, the frequency and the method of measuring the test 
voltage shall be the same as that specified in Appendix B. 

H-4. PROCEDtTRE 

H-4.1 Place the assembly of test piece and electrodes in insulating oil 
complying with IS : 335-1 963t which is at a temperature of 90° ± 2**G, 
Maintain the assembly in oil at this temperature for not less than half an 
hour and not more than one hour. 

H-4.2 Apply a low value of the test between the electrodes and increase 
its value at a uniform rate so that the proof voltage of 10 kV is reached in 
about 10 seconds. Maintain the voltage at this value for one minute. 

H-4.3 In assessing the effect of the applied voltage take no account of any 
deterioration of any surface treatment due to the influence of the insulating 
oil. 



APPENDIX J 

( Clause 5,1 ) 
METHOD FOR DETERMINING INSULATION RESISTANCE 

J-1. TEST PIECE 

J-1.1 Use a test piece ( complete with any surface treatment ) at least 75 mm 
square of the thickftess of the board under test. 

*Method of test for electric strengt}i of solid insulating materials at power frequencies. 
fSpecification for insulating oil for transformers and sA^tcbgear ( nvised). 
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J-1 J! Drill four holes through the test piece, normal to the surface, with 
centres 25 ± 1 nim apart, the centres of the holes forming the corners, of a 
square. Make the holes of such diameter that after reaming with a 
reamer having a taper of approximately 2 percent, the diameter of each 
hole at the larger end is not less than 4*5 mm and not greater than 5*5 mm. 
Drill the holes at least 25 mm from the cut edges and ream them in the 
same direction throughout their full length. Ensure that the surfaces of 
the test piece are clean. In cases of doubt clean the surfaces with a 
petroleum solvent. 

Note — Alternatively, two test pieces may be used with three holes drilled in each 
in a right-angled tri ngle configuration, provided that in other respects the above 
requirements are met. 

J.2. ELECTRODES 

J-2.1 Use clean brass or steel taper pin electrodes of approximately 5 mm 
diameter with a taper of approximately 2 percent and of length sufficient 
to extend at least 2 nmi on each side of the test piece. 

J-3. PROCEDURE 

J-3.1 Dry the test piece in an oven at a temperature of 50* ± 2°C for 
24 ± 1 hour. After allowing the test piece to cool to ambient air tempera- 
ture, immerse it in distilled water at a temperature of 27° ± 2°G for 
24 ± I hour. 

J-3*2 Remove the test piece from the water and after wiping the exposed 
surfaces dry with a clean cloth, press the electrodes into the holes in the 
test piece so that they fit tightly and extend at least 2 mm on each side of 
the test piece. 

J-3.3 In an atmosphere of 65 ± 5 percent relative humidity at a 
temperature of 27** ± 2'C apply a potential difference of 500 ± 50 V 
( direct current ) between the electrodes and after one minute measure the 
insulation resistance between each contiguous pair. 

J-3.4 Make, all measurements within 5 minutes of removal of the test piece 
&om the water. 

J^. RESULT 

J-4.1 Express the insulation resistance of the sheet as the arithmetic mean 
of the four measurements. 
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APPENDIX K 

( Clause 5.13 ) 

METHOD FOR THE DETERMINATION OF BENDING STRESS 

K-l. PREPARATION OF TEST PIECE 

K-1.1 Prepare a test piece of the following dimensions: 
Length = 87" + 65 mm 
Width =2r 
where. T is the nominal thickness in mm of the board under test. 

K-l .2 Cut a shallow V-notch across the width of the test piece at right 
angles to its length so that the distance between the root of the notch and 
one end of the test piece is 6*5 mm. Bed down the bottom of the root of 
the notch to the knife edge of the loading stirrup before commencing the 
test. 

K-2. PROCEDURE 

K-2.1 Carry out the bending test at a temperature of 27* ± 10°C and at 
90«±2**G. 

K-2.2 Support the test piece as a cantilever in a clamp whose edges have 
radii of approximately 1*6 mm. The width of the test piece is in the 
horizontal plane, and the distance between the root of the notch and the 
edge ot the clamp is 8 times the nominal thickness of the board under test. 
Fit the notch with a suitable stirrup for applying the load. Compute the 
load required to give the appropriate bending stress specified in Table 8 
from the following formula: 

6L 
where 

M^=loadiiikgf, 

F = maximum bending stress in kgf/cm^ 
B » width of the test piece in cm, 
D ~ measured thickness of the test piece in cm, and 
L — cantilever length in cm. 

Maximum bending »tr««-- { ^ 70 ^/^s It lo"c 
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K*2^ Test at room temperature ( 27° ± 10*C ). Assemble on a stand the 
test piece in the clamp with a micrometer arranged to measure the rnove- 
ment of the stirrun. Take zero readin? with the stirruD in Dosition. 
Suspend the appropriate load from the stirrup and maintain for two hours. 
Remove the load and, after 30 minutes, measure the vertical movement of 
the stirrup and take this as the permanent set of the test piece. 

K-2.4 Test at 90'C — Place the apparatus and test piece with the stirrup 
in position, but without the load, in an oven that had previously been 
heated to 90* i 2*0 and take zero reading after one hour for test pieces up 
*o 15 mm and after tv/o hours for test '^i'*ces above 12*5 mm and u*^ to 
40 mm thick. Suspend the appropriate load from the stirrup and maintain 
for two hours. After this time open the oven, remove the load without 
disturbing the stirrup and close the oven as quickly as possible. After 
30 minutes measure the vertical movement of the stirrup from its original 
position and take this as the permanent set of the test piece. The tempera- 
ture of the oven shall be maintained at approximately QO^G until the 
measurement has been made. 

APPENDIX L 

{Clause 5A5) 
METHOD FOR THE DETERMINATION OF WATER ABSORPTION 

Ii-1. FREPARATiON OF TEST PIECE 

L-1.1 Prepare a test piece 40 mm square, with the four edges freshly cut 
and any surface treatment removed by machining. 

L-2. CONDITIONING 

L-2.1 Condition the test piece in accordance with Appendix F of 



L-3. PROCEDURE 

Ij-3.1 Weigh and urnnerse in distilled water at temperature of 27° ± 2*'C. 
After 24 hours immersion take it from the water, and after removing the 
surface moisture by wiping, weigh again. The weight should be determined 
t6 the nearest milligramme in each case. 

L-4. RESULT 

L-4.1 Compute the percentage absorption of water on the weight of the 
conditioned test piece and state the original thickness of the test piece. 

*Ciassiiication and methods of test for the non-ignitable and self- extinguishing 
properties of solid electrical insulating materials ( vmderprini). 
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APPENDIX M 

{Clause 5.16) 

METHOD FOR THE DETERMINATION OF EFFECT OF HEAT 

TREATMENT 

M-1. PREPARATION OF TEST PIECE 

M-1.1 Prepare a test piece 40 mm sqiiare and remove the surface treat- 
ment, if any. 

M-a. PROCEDURE 

M-2.I Place the test piece on a sheet of white paper and subject it to a 
temperature of 120* ± 2''G for one hour. Examine the surfaces and edges 
of the test piece and the paper for evidence of exudation of the impregnant. 
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